Abstract. The present study investigated the effect of garlic (G) on serum, liver, renal and cerebral parameters of rats with chronic intermittent hypoxia (CIH) combined with diabetes mellitus (DM). A total of 32 rats were divided into eight groups, with 4 rats/group. A total of three models were established, including CIH, DM and CIH-DM, and an additional healthy control (C) group. Rats in C-G, CIH-G, DM-G and CIH-DM-G groups were injected with a G extract daily. Serum, liver, renal and cerebral parameters were detected. The results demonstrated that the rats' weight increased gradually, but at a slower rate in the CIH, DM and CIH-DM groups compared with the healthy rats. Blood glucose increased in the DM and CIH-DM groups compared with the healthy control group, while insulin level increased in the CIH group, but decreased in the DM and CIH-DM groups, resulting in increased homeostatic model assessment of insulin resistance (HOMA-IR) value in the CIH group, compared with healthy controls. Serum thiobarbituric acid reactive substances (TBARS), glutathione S-transferase (GST), uric acid (UA), urine protein (UP), total cholesterol (TC), triglycerides (TG), total lipids (TL), aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), alkaline phosphatase (ALP) and acid phosphatase (ACP) increased in the CIH, DM and CIH-DM groups, while albumin and superoxide dismutase (SOD) decreased in all model groups compared with healthy controls. Nitric oxide (NO) increased in the DM and CIH-DM groups but decreased in the CIH group, compared with the control group. Glutathione peroxidase (GSH-Px) increased in the CIH group but decreased in the DM and CIH-DM groups, compared with the control group. Glutathione reductase (GR) increased in the DM group but decreased in the CIH and CIH-DM groups, compared with the control group. Liver TBARS and GST increased, while AST, ALT, LDH, ALP, ACP, catalase activity (CAT) and SOD decreased in the CIH, DM and CIH-DM groups, compared with the control group. Liver GSH-Px decreased in the DM and CIH-DM groups, compared with the control group. Renal TBARS in the DM and CIH-DM groups increased compared with the control group. Renal GST increased while CAT and SOD decreased in the CIH, DM and CIH-DM groups, compared with the control group. Cerebral TBARS increased in the CIH, DM and CIH-DM groups and LDH increased in the DM and CIH-DM groups, compared with the control group. Cerebral LDH in CIH decreased compared with the control group. G treatment improved weight gain, blood insulin and HOMA-IR in the DM and CIH-DM groups, reduced blood glucose in the DM and CIH-DM groups, and insulin and HOMA-IR in the CIH group,
Introduction
Obstructive sleep apnea hypopnea syndrome (OSAHS) is a common clinically treated disease characterized by repeated obstruction of the upper airways during sleep and by frequently interrupted breathing (1) . Multiple factors, such as obesity, may lead to the obstruction of the upper airways leading to OSAHS (2) . OSAHS is commonly accompanied by snoring.
Symptoms of OSAHS may be present for years or even decades without identification. During the daytime, OSAHS patients might become conditioned to the daytime tiredness and the sleep disturbance will increase (3) . Usually, an adult or adolescent with severe long-standing OSAHS will fall asleep for brief periods in the daytime, which will influence his or her behavior, with unwelcome results. Children with severe OSAHS will appear over-tired or hyperactive (4) .
Numerous treatments are used for OSAHS (5) . Relinquishing smoking and alcohol is recommended, and is helpful for relaxing the central nervous system (6) . Another useful treatment is weight loss and physical training, which can correct sleep apnea (7) . However, evidence on medications for treating OSAHS is insufficient. At present, only a few common medicines, including fluoxetine, paroxetine, acetazolamide and tryptophan, have been confirmed as possessing positive effects (8) . Therefore, the causes and mechanisms of OSAHS pathogenesis, and effective treatments and protection are required.
Chronic intermittent hypoxia (CIH), characterized by periods of low oxygen, is the most common physiological characteristic of OSAHS. Diabetes mellitus (DM), particularly type Ⅱ DM (T2DM), is one of the risk factors of OSAHS (9) (10) (11) . However, data on the association between DM and CIH are scarce. Based on the hypothesis that OSAHS is a risk factor of T2DM, researchers have investigated the association between CIH and DM (12) .
According to Vatansever et al (13) , hypoxia may lead to insulin resistance. Clinical experiments conducted by Louis et al (14) demonstrated that under intermittent hypoxia, healthy volunteers demonstrated decreasing insulin sensitivity and glucose utilization. Reichmuth et al (15) determined that as the degree of OSAHS worsens, the risk of T2DM increases from 2.8 to 14.75%. All of the above studies indicate that OSAHS is one of the causes of DM.
OSAHS is associated with stimulation of oxidative stress (OS) (16) . According to Lavie et al (17) , thiobarbituric acid reactive substances (TBARS) may be used to estimate the degree of OS. Multiple other metabolic dysfunctions are associated with OSAHS, such as the dysfunction of lipid metabolism, which result in symptoms similar to those of DM (18) . Certain metabolic dysfunctions occur in organs during OSAHS, including chronic injury to the liver, alteration in enzyme homeostasis, and renal hypoxia and endothelia dysfunction in the kidney (19, 20) . Previous studies have also focused on the association of OSAHS with alterations in brain morphology (21, 22) .
Although many studies have focused on the association between OSAHS or CIH with DM, few efficient therapies are available for the treatment of OSAHS combined with DM. Garlic (G; Allium sativum) is one of the most popular herbs used worldwide, particularly as a spice. As a member of the Liliaceae family, G is used in folk medicine. G was a medicine listed in the Egyptian Codex Ebers from 1,550 BC (23) . G is hypothesized to be an effective remedy for heart problems, headaches, insect bites, the immune system and tumors (24, 25) . Previous investigations reported that G may be an effective medicine for the treatment of DM, particularly due to its antioxidant and protective effects, including reducing cardiovascular risk factors, decreasing cholesterol, inhibiting low density lipoprotein oxidation, hyperlipidemia, atherosclerosis, thrombosis, hypertension and diabetes (26, 27) .
To the best of our knowledge, there is currently no data available on the effect of G on CIH and CIH combined with DM (CIH-DM). By determining multiple indices in the serum, liver, kidney and brain, the present study aimed to investigate the protective effect of G on rats with CIH-DM.
Materials and methods

Animals.
A total of 32 specific pathogen-free male Wistar rats (60-70 days old, 250-280 g) were obtained from Kangda Biotechnology Co., Ltd. (Qingdao, China). The rats were individually housed in polycarbonate cages with wire lids under a 12-h light/dark cycle, 22-25˚C and 50-70% humidity at the Animal Research Center of Wuhan University (Wuhan, China). Standard laboratory diet was supplied with unlimited access to water. All animal experiments were performed in accordance with the National Institutes of Health Principles of Laboratory Animal Care (28), the European Guidelines for the Protection of Animals used for Scientific Purposes (29) . The Animal Research Ethics Committee of Renmin Hospital of Wuhan University (Wuhan, China) approved the animal welfare and experimental protocols.
G extract preparation. G bulbs (Beijing Dongsheng Group, Beijing, China), peeled on crushed ice, were used for preparation of an aqueous G extract. A total of 50 g peeled G was cut into pieces, homogenized in liquid nitrogen and dissolved in 70 ml pre-cooling 0.9% NaCl. A blender was used to perform homogenization and the samples were blended with a 30 sec burst for 10 min. The solution was collected and centrifuged at 2,000 x g for 10 min at 25˚C. Clear supernatant was collected and diluted in 100 ml saline. The concentration of G preparation was adjusted to 500 mg/ml based on the weight of the primary material (50 g/100 ml). G extract was stored at -20˚C for 3 days.
Experimental groups and models. A total of 32 rats were allowed to adapt to the laboratory conditions for a week and then randomly divided into eight groups: Control (C), CIH, DM, CIH-DM, C-G, CIH-G, DM-G and CIH-DM-G.
Rats in the C group were untreated and given standard laboratory diet and free access to water. Rats in the CIH group, supplied with standard laboratory diet and unlim-, supplied with standard laboratory diet and unlimstandard laboratory diet and unlimand unlim-unlimited water, were treated in a hypobaric hypoxia chamber (OxycyclerA84A-chamber; BioSpherix, Ltd., Parish, NY, USA) with 5-min cycles of 90 sec hypoxia (5% O 2 ) and 210 sec normoxia (21% O 2 ), 8 h/day for 3 weeks during light exposure. The pressure was kept at 69.3 kPa (520 mm Hg), corresponding to an altitude of 3,000 m to induce pathophysiological effects (30) . All experiments were performed between 9:00 a.m. and 5:00 p.m.
Rats in the DM group were injected intraperitoneally with a single dose of streptozotocin (50 mg/kg; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) dissolved in a freshly prepared citrate buffer (0.1 M, pH 4.5; Beyotime Institute of Biotechnology, Shanghai, China). A high-fat diet (cat. no. D12451; Research Diets, Inc., New Brunswick, NJ, USA) was used as a daily diet. A total of 1 week following injection with streptozotocin, the blood glucose level was detected in the tail vein blood using a glucose meter (Optium Xceed; Abbott Pharmaceutical Co., Ltd., Lake Bluff, IL, USA). If the blood glucose level exceeded 250 mg/dl, rats were considered diabetic. Non-diabetic rats were excluded from the study. At least 3 rats were included in each group.
Rats in the CIH-DM group were subjected to the same protocol as the DM group. Rats confirmed positive for diabetes were subsequently exposed to the same hypoxia conditions as aforementioned for the CIH group.
All G-treatment groups were intraperitoneally injected 500 mg/kg/day G extract for 7 weeks. All experiments lasted for 7 weeks, including the first week for establishing the DM model and 6 weeks for establishing CIH. Rat weight was measured 1 day prior to the experiment (day 0) and then weekly on days 7, 14, 21, 28, 35, 42 and 49 of the experiment.
Blood glucose, insulin levels and homeostasis model assessment of insulin resistance (HOMA-IR). Rats were fasted overnight and blood samples were collected by retro-orbital bleeding between 7:00-8:00 a.m. prior to and during the experiment weekly. Fresh blood was used for determination of blood glucose by a glucose meter and then centrifuged at 3,000 x g for 15 min at 25˚C to separate the serum. Fasting insulin level was determined using a Rat Insulin ELISA kit (10-1145-01; Mercodia AB, Uppsala, Sweden). HOMA-IR was calculated using the following equation (31): Fasting insulin (µU/ml) x fasting glucose (mg/dl)/22.5.
Tissue collection. At the end of the experiment, all rats were sacrificed using sodium pentobarbital anesthesia according to the Guide for the Care and Use of Laboratory Animals (32) . Blood samples were collected and serum was separated, as aforementioned. The liver, kidney, pancreas and brain were removed immediately and weighed. The organs were washed with chilled saline solution and cut into pieces. Tissues were homogenized to 10% weight/volume with pre-cooling phosphate buffered saline (pH 7.4) containing 1.15% KCl using Potter-Elvehjem-Type Tissue Grinders (Thermo Fisher Scientific, Inc., Waltham, MA, USA) and centrifuged at 10,000 x g for 30 min at 4˚C. The supernatant was separated for subsequent enzyme assays.
Index detections in serum and tissues. Lipid peroxide levels were measured as thiobarbituric acid reactive substances and the products of the reactions were measured with a Lipid Peroxidation (MDA) Assay kit (ab118970; Abcam, Cambridge, UK) as previously described (33) . Nitric oxide (NO) levels were measured with a Total Nitric Oxide Assay Kit (S0024; Beyotime Institute of Biotechnology). Superoxide dismutase (SOD; 19160-1KT-F; Sigma-Aldrich; Merck KGaA), glutathione S-transferase (GST; CS410-1KT; Sigma-Aldrich; Merck KGaA), glutathione peroxidase (GST-Px; CGP-1KT; Sigma-Aldrich; Merck KGaA), glutathione reductase (GR; GRSA-1KT; Sigma-Aldrich; Merck KGaA), catalase activity (CAT; CAT100; Sigma-Aldrich; Merck KGaA), uric acid (UA; MAK077; Sigma-Aldrich; Merck KGaA), albumin (MAK124; Sigma-Aldrich; Merck KGaA), aspartate aminotransferase (AST; MAK055; Sigma-Aldrich; Merck KGaA), total lipids (TL; MAK040; Sigma-Aldrich; Merck KGaA), alanine aminotransferase (ALT; MAK052, Sigma-Aldrich; Merck KGaA), lactate dehydrogenase (LDH; MAK066; Sigma-Aldrich; Merck KGaA), alkaline phosphatases (ALP; AP0100; Sigma-Aldrich; Merck KGaA) and acid phosphatases (ACP; CS0740; Sigma-Aldrich; Merck KGaA) were measured with corresponding assay kits (Sigma-Aldrich; Merck KGaA). Urine protein (UP; JL21197-48T), total cholesterol (TC, JL13847-48T) and triglycerides (TG, JL13528-48T) were measured with corresponding assay kits (Shanghai Jianglai Biotechnology Co., Ltd., Shanghai, China).
Statistical analysis. Data are expressed as the mean ± standard deviation and were analyzed by SPSS (version 19.0; IBM Corp., Armonk, NY, USA). One-way analysis of variance (ANOVA) was used to compare values at different time points in each group. One-way ANOVA and Bonferroni's post hoc test were used for multiple comparisons with 95% confidence intervals. P<0.05 was considered to indicate a statistically significant difference.
Results
Alterations in body weight. The average weight in the C, CIH, DM and CIH-DM groups increased with time (Fig. 1A) . The increase in weight in the C group was significantly elevated at each time point from day 14 onwards compared with the CIH, DM and CIH-DM groups (P<0.05). The CIH group weighed significantly more than the DM and CIH-DM groups at each time point from day 14 onwards (all P<0.05). However, the increase in weight in the DM group was similar to that in the CIH-DM group. These results indicate that induction of CIH, DM and CIH-DM models in rats influenced the increase in weight over the experimental period. The influence of the DM model on weight was more evident compared with the CIH model.
The average weight in the C-G, CIH-G, DM-G and CIH-DM-G groups also increased with time (Fig. 1B) . The weight of rats from the C-G group was increased compared with any other group at each time point from day 21 onwards (all P<0.05), while the other three groups were not significantly different from each other throughout the experiment. It may therefore be concluded that, in spite of G treatment, the weight of rats with DM, CIH and CIH-DM remained lower compared with the healthy C rats.
Pairwise comparisons revealed no significant difference in weight between the C group and the C-G group or the CIH group and the CIH-G group ( Fig. 1C and D, respectively) . However, the increase in weight was significantly elevated in the DM-G group compared with the DM group and in the CIH-DM-G group compared with the CIH-DM group, from day 21 onwards (Fig. 1E and F, respectively; all P<0.05) The above results demonstrate that G treatment exhibited a positive effect on the weight of rats in the DM and CIH-DM groups.
Blood glucose. As demonstrated in Fig. 2A , the change of blood glucose in rats in the C and CIH groups were steady during the experiments. However, serum glucose in rats in the DM and CIH-DM groups significantly increased compared with C group, and remained high from the day 7 to the end of the experiment (P<0.05). These results indicate that when rats had DM or CIH-DM, the blood glucose increased to an abnormal level, but CIH would not induce increased blood glucose alone.
Following G treatment, blood glucose levels in rats from the DM group demonstrated a decreasing tendency from day 7 onwards. At each time point, blood glucose in the DM-G and CIH-DM-G groups was increased compared with the C-G and CIH-G groups (all P<0.05; Fig. 2B ).
By pairwise comparisons, there was no significant difference in blood glucose levels between the C group and the C-G group, or between the CIH group and the CIH-G group (Fig. 2C and D) . However, following G treatment, blood glucose levels in the DM-G group and the CIH-DM-G decreased significantly compared with the respective untreated groups (all P<0.05; Fig. 2E and F) . The above results indicate that G treatment decreased the high blood glucose induced by DM or CIH-DM.
Blood insulin.
The average level of blood insulin in rats with CIH was significantly increased compared with that in the C group from day 14 onwards, while insulin levels in the DM and the CIH-DM group were significantly lower compared with the C and the CIH group from day 7 onwards (all P<0.05). The above results, suggest that CIH increased blood insulin levels in rats, while the induction of DM and CIH-DM models decreased blood insulin levels (Fig. 3A) . Following G treatment, the average level of blood insulin in rats with DM remained not significantly different from the C-G group (Fig. 3B ). Significant differences were observed between the C-G group and both the CIH-DM-G group and the CIH-G group, from day 14 onwards (all P<0.05). The results indicate that G treatment did improve blood insulin in rats with DM, but with not in rats with CIH or CIH-DM.
Pairwise comparisons revealed that there was no significant difference in blood insulin levels between the C group and the C-G group (Fig. 3C ). In the CIH-G group, the blood insulin level was significantly lower than that of the CIH group at each time point from day 28 onwards (P<0.05; Fig. 3D ), suggesting that G treatment decreased the high level of blood insulin induced by CIH. Following G treatment, from day 7 onwards, blood insulin levels in the DM-G and CIH-DM-G groups were significantly increased compared with the respective groups untreated with G (all P<0.05; Fig. 3E and F) , indicating that G treatment increased blood insulin in rat models of DM and CIH-DM.
HOMA-IR values.
HOMA-IR values were significantly increased in the CIH group compared with all other groups (P<0.05; Fig. 4A ). An elevated HOMA-IR value indicated high insulin resistance in the CIH group.
Following G treatment, there was no significant difference in HOMA-IR values between the C-G group and the CIH-G group (Fig. 4B) . In the DM-G group, the HOMA-IR value was significantly increased compared with that in the C-G group from day 7 to day 42 (all P<0.05), while on the day 49 of the experiment, the HOMA-IR value in the DM-G group decreased to a level similar to all other groups including the C group. In the CIH-DM-G group, the HOMA-IR value was significantly increased compared with the C-G group between days 7-35 of treatment (all P<0.05).
There was no significant difference in the HOMA-IR values between the C group and the C-G group (Fig. 4C) . From day 28 onwards, the HOMA-IR value was significantly lower in the CIH-G group compared with the CIH group (P<0.05; Fig. 4D ). HOMA-IR values in the DM-G and CIH-DM-G groups were significantly increased compared with the respective G-untreated controls (all P<0.05; Fig. 4E and F) . The above results indicate that G treatment significantly altered the insulin resistance in all experimental groups.
Serum parameters.
Serum TBARS values in all experimental groups without and with G treatment were increased compared with the C and C-G groups, respectively (all P<0.05). Pairwise comparisons revealed that, following G treatment, TBARS values were significantly decreased in all G-treated experimental groups compared with the values in the corresponding G-untreated groups (all P<0.05; Fig. 5A ).
Serum NO level in the CIH group was significantly lower than that in the C group (P<0.05), while it was increased in the DM and CIH-DM groups compared with that in the C group (both P<0.05; Fig. 5B ). The NO level in the DM-G and CIH-DM-G groups was significantly increased compared with that in the C-G group (both P<0.05; Fig. 5B ). Additionally, NO levels in the DM and CIH-DM groups with and without G treatment were significantly increased compared with that in the CIH group with and without G treatment, respectively (all P<0.05). Pairwise comparisons revealed that NO levels in the DM-G group was significantly lower compared with that in the DM group (P<0.05). The above results indicate that CIH induced a decrease of serum NO level in rats, while DM or CIH-DM increased NO levels in rats. The G treatment could decrease the serum NO level induced by DM; however, it could not induce this decrease in rats with CIH or CIH-DM.
Serum GST levels in the CIH and CIH-DM groups were significantly increased compared with that in the C group ( Fig. 5C ; both P<0.05). Pairwise comparisons revealed that serum GST levels in the CIH-G group and the CIH-DM-G group were lower compared with the CIH group and the the DM-G group. C, control; CIH, chronic intermittent hypoxia; DM, diabetes mellitus; CIH-DM, chronic intermittent hypoxia combined with diabetes mellitus; G, garlic; TBARS, thiobarbituric acid reactive substances; NO, nitric oxide; GST, glutathione S-transferase; GSH-Px, glutathione peroxidase; GR, glutathione reductase; UA, uric acid; UP, urine protein; TC, total cholesterol; TG, triglycerides; TL, total lipids; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; ALP, alkaline phosphatases; ACP, acid phosphatases; SOD, superoxide dismutase. CIH-DM group, respectively (both P<0.05). The above results indicate that CIH and CIH-DM demonstrated elevated serum GST levels compared with the control and that G treatment decreased serum GST levels in rat models of CIH and CIH-DM.
HOMA-IR in rats from the (A) C, CIH, DM and CIH-DM groups, (B) C-G, CIH-G, DM-G and CIH-DM-G groups, (C) C and C-G groups, (D) CIH and CIH-G groups, (E) DM and DM-G groups, (F) CIH-DM and CIH-DM
Serum GSH-Px levels in the CIH group were significantly increased compared with that in the C group (P<0.05; Fig. 5D ). The GSH-Px levels in the CIH-DM group were significantly elevated compared with the DM group (P<0.05; Fig. 5D ). Serum levels of GSH-Px in the DM and CIH-DM groups were significantly lower than those in the C and CIH groups (both P<0.05; Fig. 5D ). Serum GSH-Px in the DM-G group was significantly lower than that in the other G-treated groups (all P<0.05). Pairwise comparisons revealed that, serum GSH-Px levels in the DM-G and CIH-DM-G groups were increased compared with the corresponding G-untreated groups (both P<0.05). These results indicate that CIH induces an increase in serum levels of GSH-Px in rats, while models of DM and CIH-DM demonstrated decreased levels of serum GSH-Px compared with healthy controls. G treatment decreased the serum GSH-Px in the rats with CIH to the normal level, but increased the serum GSH-Px in the rats with CIH-DM to the normal level. G treatment also increased the serum GSH-Px in the rats with DM, but not back to the healthy level.
Serum GR levels in the CIH and CIH-DM groups were both significantly lower compared with the C and DM groups, respectively (both P<0.05; Fig. 5E ), and DM group levels were significantly elevated compared with that in the C group (P<0.05). Serum GR levels in the CIH-G group were significantly lower than those in the C-G, DM-G and CIH-DM-G groups (P<0.05). Pairwise comparisons of serum GR levels revealed that in the CIH-G and CIH-DM-G groups, G treatment resulted in an increase of the GR level compared with the respective G-untreated model groups (both P<0.05). GR level in the DM-G group was lower than that of the DM group (P<0.05).
Serum UA and UP levels in all experimental groups (G-untreated) were significantly increased compared with the level in the C group (all P<0.05; Fig. 5F and G). Pairwise comparisons revealed that in all model groups, G treatment significantly decreased UA and UP levels compared with the respective G-untreated groups (P<0.05).
Serum albumin in the DM and CIH-DM groups was significantly lower than that in the C and CIH groups (both P<0.05; Fig. 5H ). Serum albumin in the DM-G group was lower than that in the C-G group (P<0.05). Additionally, serum albumin levels in the CIH-DM-G group were significantly lower than any other G-treated group (all P<0.05; Fig. 5H ). Pairwise comparisons revealed that serum albumin in the DM-G group was significantly increased compared with that in the DM group (P<0.05).
Serum TC levels were elevated in all model groups (G-untreated) compared with the level in the C group (all P<0.05; Fig. 5I ). Serum TC levels in the DM-G and CIH-DM-G groups were lower than those in the CIH-G group (P<0.05). Pairwise comparisons revealed that, following G treatment, serum TC levels decreased significantly in all G-treated model groups compared with the corresponding G-untreated groups (all P<0.05).
Serum TG levels in the DM and CIH-DM groups were significantly increased compared with the levels in the C group (both P<0.05; Fig. 5J ). Pairwise comparison revealed that, following G treatment, serum TG levels decreased compared with all the levels in the corresponding G-untreated groups (all P<0.05).
Serum TL levels were significantly increased in all model groups compared with the level in the C group (all P<0.05; Fig. 5K ). Serum TL levels in the CIH-G and CIH-DM-G groups were both increased compared with the C-G and DM-G groups, respectively (both P<0.05). Pairwise comparisons revealed that, following G treatment, serum TL levels decreased in all groups, including the C group, compared with the levels in the corresponding G-untreated groups (all P<0.05).
Serum AST, ALT and LDH levels significantly increased in all model groups compared with the levels in the C group (all P<0.05; Fig. 5L-N, respectively) . A significant increase in AST, ALT and LDH was also observed in the CIH and CIH-DM groups compared with the DM group. The CIH-DM group demonstrated significantly increased levels of serum AST, ALT and LDH compared with the levels in the CIH group (all P<0.05). Serum AST, ALT and LDH in the CIH group were significantly increased compared with the C and DM groups (all P<0.05). Pairwise comparisons revealed that G treatment significantly decreased serum levels of AST, ALT and LDH compared with the levels in the respective G-untreated model groups (all P<0.05). Additionally, serum levels of ALT were significantly increased in the CIH-G and CIH-DM-G groups compared with the level in the C-G group (P<0.05; Fig. 5M ).
Serum ALP levels in all experimental groups (G-untreated) were increased compared with the C group (all P<0.05; Fig. 5O ). CIH-DM demonstrated elevated ALP levels compared with the CIH group (P<0.05). Serum ALP levels in the CIH-G and CIH-DM-G groups were both increased compared with the level in the C-G group (both P<0.05). Pairwise comparisons revealed that serum ALP levels in the DM-G and CIH-DM-G groups were lower than those of the respective G-untreated groups (both P<0.05).
Serum ACP levels were significantly increased in all experimental groups (G-untreated) compared with the level in the C group (all P<0.05; Fig. 5P ). Serum APC levels in the CIH group were significantly lower than those of the DM and CIH-DM groups (both P<0.05). Serum ACP in the CIH-DM-G group was increased compared with the C-G group (P<0.05). Pairwise comparisons demonstrated that, following G treatment, serum ACP levels decreased significantly in all groups compared with the respective G-untreated groups (all P<0.05).
Serum SOD decreased in all experimental groups (G-untreated) compared with the C group (all P<0.05). CIH-DM group levels of SOD decreased significantly compared with the level in the DM group (P<0.05). Pairwise comparisons revealed that serum SOD levels increased significantly following G treatment in all model groups compared with the respective G-untreated groups (all P<0.05; Fig. 5Q ).
Liver parameters. Liver TBARS levels were elevated in all model groups compared with the level in the C group (all P<0.05; Fig. 6A ). Liver TBARS levels were also elevated in the CIH-DM group compared with the DM group (P<0.05). Pairwise comparisons revealed that G treatment resulted in the decrease of liver TBARS in all model groups compared with the respective G-untreated groups (P<0.05).
Liver GST levels were significantly elevated in all model groups with and without G treatment compared with the C group with and without G treatment, respectively (all P<0.05; Fig. 6B ). Pairwise comparisons revealed that liver TBARS levels decreased significantly only in the DM group following G treatment (P<0.05) Liver GSH-Px levels in the DM and CIH-DM groups decreased significantly compared with the levels in the C and CIH groups (both P<0.05; Fig. 6C ). Liver GSH-Px in the DM-G group was significantly increased compared with that in the C-G and CIH-DM-G groups (both P<0.05). Pairwise comparisons revealed that liver GSH-Px levels in the DM-G and CIH-DM-G groups were significantly increased compared with the levels in the respective G-untreated groups (both P<0.05).
Liver AST, ALT, LDH and ALP levels in all experimental groups (G-untreated) were decreased compared with the levels in the respective C groups (all P<0.05, Fig. 6D-G) . Liver AST levels in the CIH-DM group were increased compared with the DM group (P<0.05; Fig. 6D ). Liver AST, ALT and LDH in the CIH-G and CIH-DM-G groups were lower than the levels in the respective C-G groups (all P<0.05; Fig. 6D-F) . Pairwise comparisons reveled that G treatment significantly increased AST, ALT, LDH and ALP levels in all model groups compared with the levels in the respective G-untreated groups (all P<0.05; Fig. 6D-F) .
Liver ACP, CAT and SOD levels decreased significantly in all model groups compared with the respective control groups (all P<0.05; Fig. 6H-J) . Liver ACP levels in all experimental G-treated groups were elevated compared with the C-G group (all P<0.05; Fig. 6H ). Pairwise comparisons revealed that, except for the APC levels in the CIH-DM-G group, APC, CAT and SOD levels in all model groups were significantly increased following G treatment (all P<0.05; Fig. 6H-J) .
Renal parameters. Renal TBARS levels in the DM and CIH-DM groups were significantly increased compared with the level in the C group (both P<0.05; Fig. 7A ). Renal GST levels in all experimental groups untreated and treated with G were elevated compared with the C and C-G groups, respectively (all P<0.05; Fig. 7B ). Pairwise comparisons revealed that renal levels of GST in the CIH-G, DM-G and CIH-DM-G groups were lower than those of the respective G-untreated groups (both P<0.05). Renal CAT and SOD levels decreased in all model groups treated and untreated with G compared with the levels in the respective C-G and C groups, respectively (all P<0.05; Fig. 7C and D) .
Cerebral parameters. Cerebral TBARS levels were elevated in the CIH, DM and CIH-DM groups compared with the levels in the C group (all P<0.05; Fig. 8A ). In all model groups, G treatment reduced the TBARs levels compared with the levels in the respective G-untreated groups (P<0.05). The CIH, DM and CIH-DM models exhibited no significant effect on cerebral GST in rats. Furthermore, G treatment had no significant effect on cerebral GST levels in rats (Fig. 8B) .
Cerebral LDH levels in the CIH group were lower than those in the C, DM and CIH-DM groups (all P<0.05; Fig. 8C ). Cerebral LDH levels in the DM and CIH-DM groups were increased compared with the levels in the C group (both P<0.05). Cerebral LDH levels in the DM group were elevated compared with the levels in the CIH-DM group (P<0.05). Cerebral LDH levels in the CIH-G group were lower than those in any other G-treated group (all P<0.05). The DM-G and CIH-DM-G groups demonstrated increased levels of cerebral LDH compared with the levels in the C-G and CIH-G groups (all P<0.05). Pairwise comparisons revealed that cerebral LDH levels in the DM-G and CIH-DM-G groups were lower than those of the respective G-untreated groups (both P<0.05).
Discussion
In the present study, G extract was used to treat rats with CIH, DM and CIH-DM. G extract demonstrated beneficial effects on certain aspects of CIH, DM and CIH-DM. It was determined that body weight in the CIH, DM and CIH-DM groups decreased compared with healthy rats from day 14 of the experiment onwards, which was consistent with results obtained by other research groups (34, 35) . G injection increased weight of the DM and CIH-DM groups, but not the CIH rats, and G improved body weight and appetite of rats with DM or CIH-DM.
According to Orekhov and Grunwald (36) , G may reduce hyperlipidemia and hypertension and prevent DM and thrombus formation. In the present study it was demonstrated that, in rat models of DM and CIH-DM, blood glucose increased markedly, while blood glucose in rats with CIH was similar to the levels observed in healthy controls. These results indicated that DM resulted in high levels of blood glucose. Following G treatment, blood glucose in rats with DM decreased with time; however, it did not recover to the healthy level. The decreasing tendency in blood glucose levels in the DM group was more evident compared with the CIH-DM group, suggesting that CIH may be one of the factors influencing blood glucose levels and G treatment could aid in the control of blood glucose, as suggested in a previous report (36) .
Augusti and Sheela (37) demonstrated that G was an insulin secretagogue in diabetic rats. By detecting insulin, the present study demonstrated that CIH induced elevated blood insulin levels with time, while in the DM and CIH-DM groups insulin levels decreased. These results indicated that the effect of the DM model on blood insulin in rats may be more significant than the effect of CIH. G treatment efficiently decreased blood insulin of the CIH, DM and CIH-DM groups.
G treatment increased blood insulin to the healthy level only in the DM group, while CIH and CIH-DM insulin levels remained abnormal following treatment. The above results are consistent with a previous report (37) .
In the present study, the HOMA-IR level was elevated in the CIH group but did not increase in the CIH-DM group. This observation suggested that IR was primarily induced by CIH. G treatment recovered the HOMA-IR to the healthy level in the DM and CIH-DM groups. The above results indicated that G demonstrated a protective effect in rats with IR.
Increased TBARS levels in serum and organs indicated elevated levels of lipid peroxides. Elevated serum NO levels in rats with DM and CIH-DM suggested that oxidative stress (OS) was enhanced in DM and CIH-DM rats. Seo et al (38) reported elevated TBARS levels in erythrocytes and the liver in rats with DM, indicating that hyperglycemia may increase the OS. The results of the present study supported the above hypothesis. Following G treatment, TBARS decreased markedly in serum and organs (except for the kidney). The results of the present study demonstrated that G improves antioxidant enzyme activities in serum and organs.
In order to protect molecules from ROS and free radicals, cells stimulate antioxidant defense systems including SOD, CAT, GR and GSH-Px. According to Harman (39) , SOD converts superoxide anions into H 2 O 2 by CAT or into glutathione disulfide (GSSG) by GSH-Px. GR catalyzes cleavage of GSSG into GSH (40) . In the present study, the activity of CAT and SOD in serum, and CAT, GSH-Px and SOD in the liver and kidney in CIH, DM and CIH-DM models decreased, as did serum GR in the CIH and CIH-DM groups, while serum GR markedly increased in the DM group. Except for the kidney in the CIH and DM groups, garlic efficiently improved the activities of CAT, GR, GSH-Px and SOD in serum and organs in all model groups, demonstrating the potency of garlic to remove superoxide anions.
Additionally, serum AST, ALT, LDH, ALP and ACP, and cerebral LDH increased markedly in the DM and CIH-DM groups, while liver AST, ALT, LDH, ALP and ACP, and cerebral LDH in decreased in CIH rats. The above results suggest the possibility of hepatic dysfunction and the leakage of these enzymes from liver cell cytosol into the blood stream, as previously suggested by Concepción Navarro et al (41) . Cerebral LDH levels in rats in the CIH-DM group were similar to the levels in the DM group in the present study, suggesting that DM was the predominant factor influencing cerebral LDH. The research conducted by Larcan et al (42) supported the results of the present study. Except for serum ALP and cerebral LDH in the CIH group, and liver ACP in the CIH-DM group, G treatment reduced the activities of ALP and APC in serum and increased them in the liver, suggesting a therapeutic and protective effect of G on CIH, DM and CIH-DM models, as previously hypothesized by Ohaeri (43) .
GST serves a role in detoxification and metabolism of xenobiotic and endobiotic compounds (44) . Elevated levels of GST in serum and organs of rats in the CIH, DM or CIH-DM groups in the present study indicated that defense mechanisms were stimulated. G therapy decreased GST levels in serum and organs, suggesting that G could protect the body from imbalance between free radicals and anti-oxidants, as previously suggested by Anwar and Meki (45) .
CIH, DM and CIH-DM induced elevated serum TC, TG and TL, while serum albumin decreased in DM and CIH-DM but not in CIH rats. Abnormal albumin was induced predominantly by DM, as previously suggested (46, 47) . G aided in the regula-46,47). G aided in the regula-). G aided in the regulation of serum albumin, TC, TG and TL in rats with CIH, DM and CIH-DM, indicating that G may regulate lipid metabolism. In addition, increased secretion of UA and UP indicates elevated free radical production due to the activation of the xanthine oxidase enzyme system (48) . In the present study, UA and UP levels increased in the CIH, DM and CIH-DM groups, suggesting dysregulation of metabolism. As a result of G therapy, UA and UP decreased, demonstrating that G may regulate metabolism.
In a conclusion, to the best of our knowledge, the present study is the first to demonstrate the anti-oxidant, alexeteric and protective effects of G in the context of regulating the imbalance of glucose, insulin and lipid metabolisms in rat models of CIH, DM and CIH-DM. The present study suggested that garlic might ameliorate the disorders of homeostasis and metabolism induced by CIH combined with DM.
